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Maintaining cellular identity is crucial for homeostasis, and sexual fates of vertebrate testis and ovary cells
require continual reinforcement. In this issue of Developmental Cell, Ma et al. (2014) provide insights into
stem cell fate maintenance in Drosophila, finding that the JAK/STAT target chinmo prevents transformation
of testis somatic stem cells into their ovarian counterparts.Animals develop through an elaborate
series of cell fate decisions, generating
highly specialized cell types from a single
totipotent cell and organizing them into
tissues and organs. An appealing way
to visualize this process is Waddington’s
epigenetic landscape model (Wadding-
ton, 1957) in which cells journey, rolling
like marbles, down progressively restric-
tive ‘‘canyons’’ of developmental poten-
tial, finally entering cul-de-sacs that slot
them neatly into their terminal fates.
When it comes to sex determination,
however, things are not quite so simple.
First of all, there is not just one epige-
netic landscape: most animals have two
sexes and hence two potential land-
scapes. Second, although sex determi-
nation may appear to be a one-way
trip, the vertebrate gonad retains consid-
erable plasticity: deletion of key tran-
scription factors in the adult ovary or
the adult testis in mice or fish can cause
somatic cells to transdifferentiate into
their counterparts of the other sex,
somehow traveling from one cul-de-sac
to another (Masuyama et al., 2012; Mat-
son et al., 2011; Uhlenhaut et al., 2009).
These genetic experiments show that
even ‘‘terminally differentiated’’ gonadal
cells must have their sexual fate continu-
ously reinforced throughout postnatal
life, lest the gonad undergo an extreme
makeover. Now, with sex already looking
not-so-firmly determined in differentiated
gonadal cells of vertebrates, Matunis and
colleagues (Ma et al., 2014) show in this
issue of Developmental Cell that the sex-
ual identity of somatic stem cells in the
adult Drosophila testis also requires
active maintenance.While performing a genetic screen for
new testicular phenotypes, the authors
recovered a mutant with an unusual pro-
gressive feminization phenotype. Mutant
testes initially looked normal until the
emergence of somatic cells with a
columnar epithelial morphology more
typical of ovarian follicle cells. Marker
analysis confirmed that cells that should
form male cyst cells instead were some-
how generating follicle-like cells. Genetic
tests revealed the mutation to be an allele
of the Jak/STAT signaling pathway
effector chinmo (chronologically inappro-
priate morphogenesis), which encodes a
POZ/BTB zinc finger transcription factor
with varied roles in cell fate determination
and stem cell self-renewal in the gonad
and elsewhere (Flaherty et al., 2010). Un-
like chinmo null mutations, which are le-
thal, this new chinmo allele is viable and
contains a presumed regulatory mutation
that specifically eliminates expression in
cyst stem cells (CySCs) and their prog-
eny. The unusual testicular cells not only
look like follicle cells and organize into
structures remarkably like ovarian egg
chambers (albeit filled with spermato-
gonia), but they also express multiple fol-
licle cell markers (Figure 1). The new allele
was accordingly christened chinmoST
(sexual transformation).
What is the nature of the chinmoST
sexual transformation? The progressive
onset of feminization was consistent with
either gradual transformation of devel-
oping cyst cells, much like the sexual
transdifferentiation seen in mice, or a
sexual transformation of the CySCs to
their female equivalent, follicle stem cells.
Marker analysis suggested that it isDevelopmental Cell 31, Nindeed the CySCs that are transformed:
they express Castor, an early follicle
stem cell marker, and then produce prog-
eny that express follicle cell differentiation
markers such as Cut and Slbo-GFP, as
well as apparent stalk cells, another
ovarian cell type derived from follicle
stem cells. This view was affirmed by
knocking down chinmo mRNA in specific
sets of cells, which only caused the femi-
nized phenotype when CySCs were
among the depleted cells, as well as by
lineage tracing of marked CySCs and
early cyst cells.
How does chinmo maintain maleness
in CySCs? An obvious candidate mecha-
nism is via regulation of the sex-deter-
mining gene doublesex (dsx). dsx is
alternatively spliced in the two sexes. In
chinmoST mutants the male protein iso-
form DsxM was found to be missing from
a few CySCs in testes of young adults
and from the CySCs and their progeny in
older adults, mirroring the cells under-
doing sexual transformation. Importantly,
RNA interference depletion of dsx mRNA
in the CySC lineage partially mimicked
the chinmoST phenotype, and expressing
DsxM in chinmo knockdown cells partially
rescued their phenotype. Why dsx knock-
down did not fully phenocopy chinmoST is
an interesting question, and it is possible
that there are other key downstream
targets.
The authors have established that
chinmo is required in CySCs, not just for
self-renewal as shown previously, but
also to maintain their male status. In the
process the authors have extended the
idea of sex maintenance beyond verte-
brates and beyond fully differentiatedovember 24, 2014 ª2014 Elsevier Inc. 385
Figure 1. chinmo Maintains Male Fate of Somatic Stem Cells in the Drosophila Testis
Top: Somatic cells supporting the germline form from distinct stem cells in the testis and ovary. In the testis, cyst stem cells (CySCs; dark blue) differentiate into
cyst cells (light blue) and enclose spermatogonia, whereas in the ovary, follicle stem cells (dark magenta) differentiate into follicle precursor cells (light red) and
then follicle cells (pink) and form ovarioles containing nurse cells and oocytes. Bottom: chinmoST mutant testes appear normal in young adults, but over time
CySCs lose expression of the male sex-determining protein DsxM and begin to express markers of ovarian follicle stem cells, which give rise to apparent follicle
precursor cells and follicle cells closely resembling those of the normal ovary. The follicle-like cells envelopmale germ cells in structures strikingly similar to female
ovarioles. (Illustrations courtesy of Anna Minkina.)
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tance and the very different cellular con-
texts, are there shared features in sex
maintenance between flies and mice? In
fact, the similarities are remarkable: dsx
is a homolog of the mammalian Dmrt1
gene (Raymond et al., 1998), whose dele-
tion also causes feminization of the testis,
in this case triggering transdifferentiation
of testicular Sertoli cells to ovarian
granulosa cells—mammalian analogs of
Drosophila cyst and follicle cells.
It remains to be seen whether chinmo
maintains sex in other cell types and
whether sex maintenance exists outside
of insects and vertebrates. DMRT genes
are found in nearly all metazoans, so it
would be no surprise to find that many
other animals have a tenuous hold on
their sex. Indeed, there are already
some hints: for example, knockdown of
a DMRT gene in fully developed planaria
causes the testes to disappear (Chong
et al., 2013), although it is unclear386 Developmental Cell 31, November 24, 20whether this is transdifferentiation, dedif-
ferentiation, or degeneration. Similarly,
depletion of hermaphrodite gonadal
regulators after sex determination in
Caenorhabditis elegans causes ectopic
expression of male regulators (Kalis
et al., 2010). The nature of this sex trans-
formation is unclear, as it occurs while
the animals are still progressing through
development, but this example does
illustrate a requirement for active sex
maintenance after sex determination.
How easily do other cell types switch
fate? Examples of reprogramming by
forced expression of cell fate determi-
nants are rapidly accumulating. More
rarely, cells also can get a natural ‘‘do-
over’’: even in C. elegans, that paragon
of nearly invariant cell lineage, an epithe-
lial cell normally undergoes transdifferen-
tation during development to become a
motor neuron (Jarriault et al., 2008). It
seems likely that other examples of active
cell fate maintenance remain to be found,14 ª2014 Elsevier Inc.certainly for sexual cell fate in the gonad,
but perhaps also for other cell fates and
tissues. As the chinmoST example illus-
trates, perhaps uncovering these exam-
ples is largely a matter of finding exactly
the right mutation.
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Mitotic cell rounding is accompanied by changes in the actin cytoskeleton, de-adhesion, and an increase
in cortical rigidity. In this issue, Marchesi et al. (2014) describe an adhesion-dependent mitotic checkpoint
and identify DEPDC1B as the factor responsible for coordinating de-adhesion with the ability of cells to
enter mitosis.One of the most dramatic changes in cell
shape occurs during cell division. At
the onset of mitosis, flat interphase
cells become spherical in a matter of
minutes. Mitotic cell rounding has been
observed for several years, and it is
believed to play a role in spindle orienta-
tion, chromosome orientation, and posi-
tioning of the cleavage furrow (Cramer
and Mitchison, 1997; Sanger et al.,
1984; The´ry et al., 2005). Mitotic cell
rounding is accompanied by changes in
the actin cytoskeleton. During inter-
phase, actin is predominantly organized
into stress fibers that extend across the
cytoplasm, anchored at one or both
sides by focal adhesions (FAs). Upon en-
try into mitosis, focal adhesions and
stress fibers disassemble, and actin re-
localizes primarily to the cell cortex.
This disassembly of FAs, or ‘‘de-adhe-
sion,’’ is a key event in the transition
from flat to round cells and needs to be
tightly coordinated with the cell cycle.
The existence of an adhesion-dependent
checkpoint has been a matter of
speculation for many years. In this issue
of Developmental Cell, Marchesi and
colleagues characterize the role of
DEPDC1B, a protein that accumulates
during G2, in coordinating de-adhesionand cell-cycle progression at mitotic en-
try (Marchesi et al., 2014).
Marchesi et al. found that silencing
DEPDC1B expression induced a delay in
mitotic entry, specifically at the transition
from G2 to M. DEPDC1B knockdown
(KD) cells displayed FAs that were bigger
and took longer to disassemble, sug-
gesting that the mitotic delay could be
caused by defects in de-adhesion. These
effects could be rescued by conditions
that weakened adhesion, such as vinculin
KD, and phenocopied by conditions that
promoted adhesion, confirming that
adhesion was the key element regulating
the mitotic delay. Overall, this can be
considered a checkpoint since it is co-
ordinated with the cell cycle and ensures
the fidelity of the process. However,
this adhesion-mediated checkpoint is
‘‘milder’’ than a G2/M arrest induced by
DNA-damaging agents, and it delays
rather than arrests cell-cycle progression.
Phenotypically, DEPDC1B KD cells are
flatter and more motile and often fail to
detach and become rounded. They also
show a delay in the activation of mitosis-
promoting factors, such as CDK1, and in
the disassembly of the nuclear envelope,
suggesting that the adhesion checkpoint
acts upstream of these processes. In anelegant experiment, the authors show
that silencing DEPDC1B had no effect in
cells that had been adapted to grow
in suspension, confirming that when no
de-adhesion is needed, the function of
DEPDC1B is dispensable.
It has been shown previously that the
transition from flat interphase to round
mitotic cells is a carefully choreographed
process that is regulated by the small
GTPase RhoA through its effector Rho
kinase (ROCK) (Maddox and Burridge,
2003). RhoA activity is high during
interphase and also during cell rounding,
but it is not required for de-adhesion
(Maddox and Burridge, 2003). These
results suggest RhoA may need to be
inactivated for cells to detach. Indeed,
in DEPDC1B KD cells, both RhoA acti-
vity and Myosin light chain 2 (MLC2)
phosphorylation levels are increased.
Since MLC2 is one of the main targets
of ROCK, these results suggest that
DEPCD1B functions as a negative
regulator of the RhoA/ROCK signaling
pathway. Consistent with this hypothesis,
the DEPDC1B mitotic delay can be
rescued by silencing RhoA (but not other
GTPases) or by inhibiting ROCK.
How does DEPDC1B modulate RhoA
activity? Although DEPC1B has aovember 24, 2014 ª2014 Elsevier Inc. 387
